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Role of inhibitor of apoptosis proteins-mediated ubiquitination in malignant melanoma
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2. Dermatology Hospital, Southern Medical University, Guangzhou 510091, China)

Abstract: Malignant melanoma (MM), a malignant melanocyte-derived tumor, is insensitive to radiochemotherapy and

highly invasive. Ubiquitin proteasome system can modulate various intracellular physiological processes via regulating the

associated proteins. Ubiquitin ligase (E3) is a specific substrate-recognizing enzyme during ubiquitination and plays an

important role in the occurrence and development of MM. The RING domain of inhibitor of apoptosis proteins (IAPs)

possesses E3 activity and participates in the development of MM through regulating various MM-associated proteins and

signaling pathways. This paper reviews the mechanism of IAPs on occurrence and development of MM via ubiquitin

proteasome system.
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2.1 1APs 25 Hyss e

TAPs J&— 78 4l it PN 238 45 40 HL A TR M 1) 2R
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Al ABTE MM kA & R iR AR (H A I R M5
£ MM Z [8] , ML-IAP PHPE R JC B i 22 5, #2278 ML-
IAP 7 MM B4 %% 8% /3 VE F 4 /N7, Mousavi-Shafaei
LU S A TER M706 8 ML-IAP £ 1176 MM 4l il
W A, e IR A Ak T BRI 3 = . Ayachi
SEUMIESE XTAP 725 A M L 208 AR 28 1 L 2R At
Z AN R AR XTAP JE R 5, MM 41 it i 3 % Al
2 Y % 1 AR 12 2 T A B 2% 1 JRy ek MR 2 R B
W WA, BB R TAPs K%K AL survivin
JKAETE MM ZH 281 38 3k 18 v 3 i) survivin B9 2635 7]
DA g 40 Bt O T8 e Zhou A4 I F S T
ML-IAP #l XIAP 1y 35 J5 PR A5 FE MM H 9 88 7
YERT, 22 30 MM R85 T 255 8045 ¢ v A0 38 (18] B 88 iy
2, H A HLRAIR S SO 5 R A S iR T T R AR
Ko AHBRIE A B E &I XIAP  cIAP-1/2 il ML-
AP 3l 3117 24k 4% CARF 25 1B A 4 B o 1,



492 IR N R VNI -

2021 4555 39 4

T MM 20 B )3 85 AR 280 PR SR A S it
LRV TAPs 1] E7E MM & J& A9 AS [R] B Be i 58 A8
[F) (4 73 R 538 1 sl 1 B AN 6] 4, A
75 503 A 0 ot 8 T AR O TR ) 2 S L o —
A48 7R 1APs 76 MM & A8 & J v it 35 46 12 576 3 (R A
. Racl )& RhoGTP i 5<% , 5 MM W3 5E 1228 %
PEJE A G, 5 RS J Bt H 38 MM g kA7 7F Racl
2RIk, HOAME TR A MM 48 i 2R Racl 1% ML
I B4 =2, Oberoi-Khanuja 262 & B IAPs 1] UL & 1%
E3 [iff 115 14 #0 1] Racl , i Hol i 2 R b #2942 1 il
IR fR . TAPs KM B 5 19 E3 36 125 MM 4 Jifd
T ANAEAT RS | JRE B2 IO G2 by 22 S5 A B L (0 H:
FLR 05 53 1% A0 T BILHI o A B T, 0F— 25 ) B
TAPs 4nfof 4 MM 4 i 9385 58 8% R 28, DT 5%
Wi MM (14 & 242 & J , %5F MM ER 5 1038 )7 il )E 2 6
HE,

3 LPLIAPs A¥E 87 MM

H T, MM PG 7 A5 F ARG TT 0T Mk sy 45
15877 VL B AR R s e iRy AR R YT
BARAIT TR EHE 3 MM B F AR R R 155 B
W R, 4R % A SR T A Sk E R

IAPs X} MM i Jié A FHIF 52 25 R = 0, e ATl
REZIRYT T MM A RS . B ETEFSE A B
B & Z R0 A 0 TAPs #5405, BT REA S
20 60 080 T /8 400 i A T S v RS
TSI i 5] R 22 85T DA TR B T 224> TAPs K% A%
B FRCAZ AM ST, 5 2 5 R 4 4 S P B0 4 4 TAPs
B SR B A A 7] 2627 5 2 BH a3 41 il ) %
TS A M T VR A R 3278 &1 TAPs 0% Al
By 2z 8] AT fg 2 A e R P B ] survivin 5%
ML-IAP 7E llfa JR 52 55 H 34 oA B R 4797 2%, {3 R
ML-IAP H A7 = B G s B e 0 R, FH B 28 1 L )
ML-TAP FHE: ) fifged ol LBk 7 202 A iFgE /N
PRl FH BB i ST A% T R L 1] XTAP, i 2 3 B
FE P T fig B A — 2 B ko v o, 2R [R] B
XIAP il cIAP 1] DL A5 B8 4 () 7 30030, Bl o) o]
IAPs 1] g & HoAth 08 12175 5 7 S AE ¢ 57, Engesaeter
LGP siIRANA K XTAP @ IR J5 , MM 4 X 8 7375 %
I TRAIL 75 5 08 7 (1) S50 3 5 5 Yuan 26590 % 30 b
Jo §I0 1] 7% 1% TNFou A TAPs #0757 LCL161 Bt A48 F T
38 350 ) 2 2R S R RS ATL/IN R R A AT O
H b soph feft W2 AR fo] —Fh 250 F A 2. AR
S , AT HAG BRAF 28 PG 28 48 1) MM A 5

Hh R B8, TAPs $il1 il 5) birinapant A1 TNFa 6518 Y7 76 %F
BRAF 1)1l 5 5 A7 ZRAT 1 1 245 1 1y B 2898 40 e b A7
B, 3 WY TAP 10 1 500 X H A T 24 1k YRR 3 AT g
7o FR A Z TAPs iR E A T I R 9 B Bt
BT R R A W 7 BB Lk 25 ) 1k
— 5. FATC LA T 1APs A] ETE SR R I A A
W BORFEATRE R, A BRREAE AN AR R B TAE
] LAE R TAPs [t LA , Sy SR R R R {14
EN R

4 NG

KA ESE R W TAPs R il b i 1 2 2 AL 2 1
PR AR GEIR P A SR RS 3 B, 7 FR R 19 Ao L
il HA AR AT ST R F R T R A TAPs
Tk Sz F R A B T S48 T MM A BRE ALY
TR R . RO, AN 2 1 8y 40 8 o PR B GK 1) 3 1 I
12 2R A A sl T 5t S 2 PR e 3K ) 2 1 iz Ak
Wk e AT R 160 PP oA W RO RIS 7 1), (AR BT T
VEH BEATIR AR

SE

[1] MANSOUR M A.Ubiquitination: Friend and foe in cancer [J].
Int J Biochem Cell Biol,2018,101:80-93.

[2] MORROW J K,LIN H K,SUN S C,et al.Targeting ubiquitina-
tion for cancer therapies [J]. Future Med Chem, 2015, 7(17):
2333-2350.

[3] ARONCHIK ILKUNDU A,QUIRIT J G,et al.The antiprolifer-
ative response of indole-3-carbinol in human melanoma cells
is triggered by an interaction with NEDD4-1 and disruption
of wild-type PTEN degradation [J].Mol Cancer Res, 2014, 12
(11):1621-1634.

[4] KITO Y, BAI J, GOTO N, et al.Pathobiological properties of
the ubiquitin ligase Nedd4L in melanoma [J]. Int J Exp
Pathol, 2014, 95(1):24-28.

[5] SMITH M P, FERGUSON J, AROZARENA 1, et al.Effect of
SMURF?2 targeting on susceptibility to MEK inhibitors in
melanoma [J].J Natl Cancer Inst, 2013, 105(1):33-46.

[6] RAJABI P, KARIMIAN P,HEIDARPOUR M. The relation-
ship between MDM?2 expression and tumor thickness and in-
vasion in primary cutaneous malignant melanoma [J].J Res
Med Sci, 2012, 17(5):452-455.

[71J1 Z, NJAUW C N, TAYLOR M, et al. p53 rescue through
HDM2 antagonism suppresses melanoma growth and potenti-
ates MEK inhibition[J]. J Invest Dermatol, 2012, 132(2):
356-364.

[8] GEMBARSKA A,LUCIANI F,FEDELE C,et al. MDM4 is a



o 4 3]

BEREJ 55 T HIEE A SZ R AT B R SR R A R R R AR 493

key therapeutic target in cutaneous melanoma [J]. Nat Med,
2012,18(8):1239-1247.

[91 CHEN G,CHENG Y, ZHANG Z,et al.Cytoplasmic Skp2 ex-
pression is increased in human melanoma and correlated with
patient survival[J].PLoS One,2011, 6(2):e17578.

[10] ROSE A E, WANG G,HANNIFORD D, et al. Clinical rele-
vance of SKP2 alterations in metastatic melanomal[J]. Pig-
ment Cell Melanoma Res,2011, 24(1):197-206.

[11] KAMADA S. Inhibitor of apoptosis proteins as E3 ligases
for ubiquitin and NEDDS[J]. Biomol Concepts, 2013, 4(2):
161-171.

[12] MEHROTRA S,LANGUINO L R,RASKETT C M,et al.IAP
regulation of metastasis[J].Cancer Cell, 2010,17(1):53-64.

[13] LALAOUI N,VAUX D L.Recent advances in understanding
inhibitor of apoptosis proteins[J]. F1000Res, 2018, 7: F1000
Faculty Rev-1889.

[14] COSSU F,MILANI M, GRASSI S, et al. NF023 binding to
XIAP-BIR1: searching drugs for regulation of the NF-«B
pathway[J].Proteins,2015,83(4):612-620.

[15] YU H,LIN L,ZHANG Z,et al. Targeting NF-xB pathway for
the therapy of diseases: mechanism and clinical study[J].Sig-
nal Transduct Target Ther,2020,5(1):209.

[16] 22 . B €4 2008 rh i To AR DG BE R (1) cDNA B 51 BT 58 5
ML-TAP R AR [D]. BAS: PU 1 *%,2005.

[17] GONG J,CHEN N,ZHOU Q, et al. Melanoma inhibitor of
apoptosis protein is expressed differentially in melanoma
and melanocytic naevus,but similarly in primary and meta-
static melanomas [J].J Clin Pathol,2005,58(10):1081-1085.

[18] MOUSAVI-SHAFAEI P, ZIAEE A A, ZANGEMEISTER-
WITTKE U.Increased cytotoxicity of cisplatin in SK-MEL
28 melanoma cells upon down-regulation of melanoma in-
hibitor of apoptosis protein [J]. Iran Biomed J,2009, 13(1):
27-34.

[19] AYACHI O,BARLIN M,BROXTERMANN P N,et al. The
X-linked inhibitor of apoptosis protein (XIAP) is involved
in melanoma invasion by regulating cell migration and sur-
vival [J].Cell Oncol (Dordr),2019,42(3):319-329.

[20] GROSSMAN D,MCNIFF J M,LI F,et al.Expression and tar-
geting of the apoptosis inhibitor,survivin,in human melano-
ma [J].J Invest Dermatol,1999,113(6):1076-1081.

[21]1ZHOU J,YUEN N K,ZHAN Q,et al. Immunity to the mela-
noma inhibitor of apoptosis protein (ML-IAP; livin) in pa-
tients with malignant melanoma [J].Cancer Immunol Immu-
nother,2012,61(5):655-665.

[22]1 ZHOU J,LI J,GULERIA I,et al.Immunity to X-linked inhibi-
tor of apoptosis protein (XIAP) in malignant melanoma and
check-point blockade[J].Cancer Immunol Immunother,2019,
68(8):1331-1340.

[23] DOGAN T,HARMS G S,HEKMAN M, et al. X-linked and
cellular IAPs modulate the stability of C-RAF kinase and
cell motility [J].Nat Cell Biol,2008,10(12):1447-1455.

[24] DALTON L E,KAMARASHEV J,BARINAGA-REMENT-
ERIA RAMIREZ 1, et al. Constitutive RAC activation is not
sufficient to initiate melanocyte neoplasia but accelerates
malignant progression [J].J Invest Dermatol, 2013, 133(6):
1572-1581.

[251OBEROI-KHANUJA T K, MURALI A,RAJALINGAM K.
IAPs on the move: role of inhibitors of apoptosis proteins in
cell migration [J].Cell Death Dis,2013,4(9):¢784.

[26] ZHANG Y,SEIGAL B A,TERRETT N K,et al. Dimeric mac-
rocyclic antagonists of inhibitor of apoptosis proteins for the
treatment of cancer [J]. ACS Med Chem Lett, 2015, 6(7):
770-775.

[271 PEREZ H L,CHAUDHRY C,EMANUEL S L,et al. Discov-
ery of potent heterodimeric antagonists of inhibitor of apop-
tosis proteins (IAPs) with sustained antitumor activity [J].J
Med Chem,2015,58(3):1556-1562.

[28] LU J,BAI L,SUN H,et al. SM-164: a novel, bivalent Smac
mimetic that induces apoptosis and tumor regression by con-
current removal of the blockade of cIAP-1/2 and XIAP [J].
Cancer Res,2008,68(22):9384-9393.

[29] LEWIS K D,SAMLOWSKI W,WARD J,et al. A multi-center
phase Il evaluation of the small molecule survivin suppres-
sor YM155 in patients with unresectable stage Il or IV mel-
anoma [J].Invest New Drugs,2011,29(1):161-166.

[30] DEAN E,JODRELL D,CONNOLLY K,et al.Phase I trial of
AEG35156 administered as a 7-day and 3-day continuous
intravenous infusion in patients with advanced refractory
cancer [J].J Clin Oncol,2009,27(10):1660-1666.

[31]NDUBAKU C,VARFOLOMEEV E,WANG L,et al. Antago-
nism of c-IAP and XIAP proteins is required for efficient in-
duction of cell death by small-molecule IAP antagonists [J].
ACS Chem Bi01,2009,4(7):557-566.

[32] ENGESATER B O, SATHERMUGATHEVAN M, HEL-
LENES T, et al. Targeting inhibitor of apoptosis proteins in
combination with dacarbazine or TRAIL in melanoma cells
[J].Cancer Biol Ther,2011,12(1):47-58.

[33] YUAN Z,SYRKIN G,ADEM A, et al.Blockade of inhibitors
of apoptosis (IAPs) in combination with tumor-targeted de-
livery of tumor necrosis factor-a leads to synergistic antitu-
mor activity [J].Cancer Gene Ther,2013,20(1):46-56.

[34] KREPLER C,CHUNDURU S K,HALLORAN M B, et al.
The novel SMAC mimetic birinapant exhibits potent activi-
ty against human melanoma cells [J].Clin Cancer Res,2013,
19(7):1784-1794.



